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Abstract 
This paper proposes a new edge detection method in DCT domain for compressed images. Instead of detection with 
spatial pixels, we generate the gradient patterns of DCT basis images with detection operators. The quantized 
coefficients are used to calculate the edge maps, which avoids the procedure of inverse quantization. It is shown that 
the proposed scheme leads to not only good edges but also computation speedup. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology. 
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1. Introduction 
Data compression plays an important role in digital multimedia applications. Some standards like 
JPEG and MPEG have been developed to provide low-cost processing [1, 2]. A widely used algorithm in 
these methods for handling enormous pixels is the discrete cosine transform (DCT). By DCT, each 8×8 
block is transformed into frequency coefficients which are further quantized with a predefined 
quantization table and compressed by entropy encoding. As a result, the compression technology largely 
promotes the distribution of digital multimedia over different transmission mediums. 
Many applications of edge detection are usually performed in the pixel domain [3]. For a compressed 
image, we have to decompress it into a spatial form before these applications. Thus, much of the time 
would be spent during inverse DCT (IDCT) operations. Some schemes have been developed to find edge 
pattern directly from DCT coefficients, avoiding IDCT calculations. Shen and Sethi proposed an edge 
detection scheme in DCT domain, using the convolution operation between a mask and the coefficients 
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[4]. Lee et al. and Li et al. extended the scheme by formulating the edge model in mathematical terms, 
and they tried to extract the components by compositing some low-frequency components [5, 6]. Chang 
and Kang proposed a systematic scheme for classifying block edge patterns in four directions [7]. 
This paper proposes a simplified method for detecting edge patterns from a compressed image. We use 
DCT basis images to generate gradient basis images corresponding to different operators, such as 
“roberts”, “prewitt”, and “sobel”. Subsequently, edge pattern of each block is calculated using DCT 
coefficients. As a result, the proposed method has better efficiency in edge detection. 
2. Edge Detection in DCT Domain 
In this paper, we propose a new method of detecting edge using DCT coefficients. After entropy 
decoding to JPEG bitstream, the quantized coefficients are used to construct the edge map combing with 
the calculated gradient basis patterns. 
2.1. Gradient Patterns 
The equation of IDCT can be viewed as reconstructing image by summing a set of weighted basis 
images. IDCT can be written in the form of, 
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where fij represents the pixel value, Fuv the DCT coefficient, and P(u,v,i,j) the basis image. 
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As a result, there are 64 basis images for IDCT, which are shown in (a) of Fig. 1. Denote the 64 basis 
images as Pi,j, (i,j=0,…,7).
Since every block can be reconstructed by summing the weighted basis images, we can generate the 
gradient of each block by summing the gradient basis patterns which calculated by 
7,...,0; ,,,, =⊗=⊗= i,jOPBOPB cjijicrjijir   (3) 
where Or is the row gradient operator, Oc the column operator, and ⊗  the convolution operator. We can 
choose different operators such as “prewitt”, “sobel”, and so on. In (b) & (c) of Fig. 1, a group of gradient 
basis patterns are calculated from basis images using “sobel” operators in both directions. 
(a)                                         (b)                                       (c) 
Fig. 1. (a) Basis Images of DCT, (b) Gradient patterns in horizontal direction, (c) Gradient patterns in vertical directions 
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2.2. Edge Detection 
In JPEG, DCT coefficients are quantized by a quantization table. In order to improve the speed of edge 
detection, we simplify the process. 
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The standard quantization table is shown in (4), and quantization tables corresponding to different quality 
factor are calculated in equation (5). 
100/)50( +⋅= TT sq   (5) 
where s is a scale factor corresponding to different compression quality factor q.
Divide the quantization table into 15 sets as shown in Fig. 2, where  
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Fig. 2. Sets of DCT coefficients 
Then, calculate the ratio of all sets using, 
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Thus, Rk is a constant value corresponding to different quality factors. After rounding the results, R0 ~ 
R14 finally equals {1, 1, 1, 1, 2, 2, 4, 5, 6, 7, 8, 9, 9, 9, 9}. If we denote the quantized coefficients of a 
block as ci,j (i, j=0,…7), the gradient g would be 
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where w is the number of coefficient sets defined by users, which controls the speed and quality of edge 
detection. 
After the gradients of all blocks are calculated, set a threshold δ to detect the edges. The threshold 
value determines the sensitivity of the edge operator.  
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3. Experimental Results 
(a)                                             (b)                                             (c)                                               (d) 
Fig. 3. Edge detection results: (a) is the original image; (b) the differential values calculated by the proposed method; (c) the
detected edge by the proposed method using “sobel” operator; (d) the detected edge using “sobel” operator in the spatial domain 
(a)                                             (b)                                             (c)                                               (d) 
Fig. 4. Edge detection results: (a) the detected edge using “sobel” operator in the spatial domain; (b) the detected edge by the
proposed method using w=14; (c) the detected edge using w=5; (d) the detected edge using w=2 
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Several gray images are used to verify the proposed edge detection method. We first compress the 
images using JPEG algorithm. Then we decode the VLCs of JPEG bitstream into quantized coefficients. 
With these coefficients, we use the proposed method to detect the edge. 
Fig. 3 demonstrates a group of edge detection results of original image “pepper”, in which (a) is the 
original image, (b) the differential image using the proposed method, (c) the extracted edge from (b), and 
(d) the edge detected by spatial domain method with “sobel” operator. During the process, we define 
w=14 and δ=14. Comparing (c) with (d), both edges are almost the same. 
In the proposed method, the number of coefficient sets w controls the speed of detection and the 
quality of edges. Fig. 4 shows a group of detected edges corresponding to different w’s, in which (a) is the 
detected edge using “sobel” operator in the spatial domain, (b) the edge using the proposed method with 
w=14 and δ=31, (c) the edge with w=5 and δ=16, and (d) the edge with w=2 and δ=4.4. The result show 
that the more coefficients used in detection, the better edge is generated. 
Compared with the traditional edge detection method in spatial domain and the method proposed by 
Shen and Sethi, the proposed method extracts edge directly in the DCT domain using quantized 
coefficients which avoids the calculation of de-quantization and IDCT. Thus, edge detection is more 
convenient. Details of the detected edge are can be adjusted by different number of coefficients chosen by 
users, which includes the results generated by the method proposed by Chang and Kang. 
4. Conclusion 
In this paper, we propose a new method of edge detection in DCT domain. Basis images of IDCT are 
used for generate the gradient pattern which are further used for detect the edge of a compressed image. 
During the procedure, we avoid the calculating of inverse quantization which improved the detection 
speed. Experimental results show that the proposed method has good capability in edge detection. 
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